INTRODUCTION
============

Psoriatic arthritis (PsA) is an inflammatory arthritis interrelated with psoriasis (Ps) and 50% of PsA patients are seronegative for rheumatoid factor \[[@B1]\]. Frequently patients that are seronegative for rheumatoid factor are HLA-B27 positive and often exhibit extra-articular manifestations of the disease. The precise prevalence of PsA is unknown, but it is estimated to range from 0.02% and 0.42% in the general population and from 6% to 42% in patients with Ps. The average age of disease onset is reported to be between 36 to 40 years in most PsA studies \[[@B2]\]. Symptoms of PsA include pain, swelling or stiffness in one or more joints; sausage digits also known as dactylitis and pain in the feet and ankles, especially Achilles tendinitis or plantar fasciitis. Furthermore, nail changes with separation from the nail bed, ocular involvement, and aortic incompetence are all examples of extra-articular manifestations of PsA \[[@B3]\].

Recently it was found that bilateral sensorineural hearing loss (SHL) may be caused by autoimmune diseases such as mixed cryoglobulinemia, Cogan syndrome, Wegener granulomatosis, systemic sclerosis, giant cell arteritis, and relapsing polychondritis. The first autoimmune-mediated SHL was reported by McCabe \[[@B4]\] in 1979. After this time many studies have reported various autoimmune diseases that cause autoimmune ear disease (AIED) including rheumatoid arthritis, ankylosing spondylitis, Behçet disease, Sjögren syndrome, polyarteritis nodosa, and systemic lupus erythematosus \[[@B5][@B6][@B7][@B8][@B9]\]. Even though many autoimmune diseases have been implicated in causing SHL, there is a paucity of data regarding hearing changes in patients with PsA.

To our best knowledge, there are no prospective studies about hearing in PsA. We were found only two case reports of hearing loss with PsA in PubMed. Srikumar et al. \[[@B10]\] reported a case of sudden onset SHL in a patient diagnosed with PsA. The other case study reported bilateral and asymmetric sensorineural deafness in a 13-year-old girl with juvenile PsA despite receiving treatment with etanercept \[[@B11]\].

Therefore, the aim of this study was to investigate hearing changes within in PsA patients by audiometric and otoacoustic emission (OAE) tests.

MATERIALS AND METHODS
=====================

PsA patients receiving care from the Departments of Dermatology and Physical Therapy and Rehabilitation at the Dicle University Hospital from September 2012 to November 2013 were enrolled in the study. The number of patients was forty. However, five patients did not give consent form for performed audiological tests. One patient had history of ear surgery and three patients had a history of drug use (sulfasalazin) affecting hearing system. From these causes, we evaluated statistical analyses on thirty-one patients (62 ears). A total of 31 PsA patients made up the patient group and their ages ranged from 14 to 62 years. A total of 31 healthy controls were selected and their ages ranged from 16 to 62 years. We selected control patients from among accompanying persons who were healthy people without any discomfort. PsA was diagnosed according to the Classification Criteria for Psoriatic Arthritis (CASPAR) criteria \[[@B12]\]. Disease severity was evaluated by the Psoriasis Area and Severity Index (PASI) \[[@B13]\]. Thirty patients had used methotrexate and one patient had used tumor necrosis factor-alpha (TNF-α) inhibitors. The weekly dose of methotrexate was average 15 mg/kg and dose of etanercept was 50 mg/kg for body weight.

Exclusion criteria from the study were a history of trauma to the ears and/or head, barotrauma, ototoxic drug use (including sulfasalazine), previous otological surgery, and any otological disease such as otosclerosis, Meniere disease, or suppurative labyrinthitis. All participants received an otoscopic examination. Patients were removed from the study if the tympanic membrane was perforated or if there were signs of any other middle ear abnormality. Moreover, patients were excluded from the study if the tympanogram was flat or if there was an absence of acoustic reflexes. Overall, these exclusion criteria were used to select against patients with pre-existing inner ear pathology. Following ear, nose and throat examinations, all patients received pure tone audiometry (PTA) (Madsen OB 822 Clinical Audiometer), speech discrimination score (SDS) tympanometry (Clinical Middle Analyzer AZ 26, Interacoustic, Denmark, calibrated to ANSI S3.39-1987 standards), and transient evoked otoacoustic emissions (TEOAE) (Otodynamics Ltd., Herts, UK; EZ-screen, Interacoustic, Assens, Denmark) studies. Pure tone bone and air conduction audiometry were performed on all subjects at 250, 500, 1,000, 2,000, 4,000, and 6,000 Hz. Hearing loss as determined by PTA was measured by calculating the average hearing threshold at 0.5-4 kHz. High frequency of PTA was measured by calculating the average hearing threshold at 4,000 and 6,000 Hz. Data were processed and evaluated with OAE software (Otoscreen OAE Screening and NOAH based Software, Assens, Denmark). The signal-to-noise ratio (SNR) for each frequency was calculated. All patient and control subjects had normal peak compliances, peak pressures, gradients, ear canal volumes, and acoustic reflexes as defined by the American Speech Language and Hearing Association \[[@B14]\]. Informed consent was obtained from all study participants, and the research protocol was approved by the Ethics Committee (2012/456).

Data analysis was performed using SPSS ver. 15.0. (SPSS Inc., Chicago, IL, USA). According to result of central limit theorem 30 subjects are needed in each of the subgroupings if parametric tests are going to be used. The Kolmogorov-Smirnov test was used to determine whether continuous variables conformed to a normal distribution. Overall group comparisons between PsA patients and controls for data that were not normally distributed were performed with the Mann-Whitney *U*-test. If the distribution was normal in this case independent samples t-test was used. Categorical variables was analysed by using chi-square test. Non parametric Spearman bivariate correlation test was used to calculate the correlation between duration of disease versus hearing loss, PASI versus hearing loss and age versus hearing loss. Data were expressed as the mean±1SD for continuous or median and the range for categorical variables. A *P*-value less or equal to 0.05 was considered statistically significant.

RESULTS
=======

On average the PsA patients were 36.1±8.5 years old and their ages ranged from 14 to 62 years. Overall there were 19 female and 12 male patients. The mean age of the control group was 37.9±8.1 years and their ages ranged from 16 to 62 years. There were 16 female and 15 male subjects in the control group. The age ranges according to the number of patients in study and control groups are shown in [Table 1](#T1){ref-type="table"}. Otoscopic examinations were normal for all study participants. There was no statistically significant difference between the age and gender distribution between the patient and control groups (*P*\>0.05). Study subject demographics are shown in [Table 2](#T2){ref-type="table"}. PsA severity was evaluated by the PASI, and the mean PASI score was 16.3± 9.4 with scores ranging from 2 to 36. The mean duration of having a diagnosis of PsA was 5.5±3.8 years ranging from 1 to 15 years.

Normal peak compliance, gradient, peak pressure, ear canal volume, and acoustic reflexes were obtained with a 226-Hz probe. Discrepancies in SDSs were not observed between patient and control groups (*P*\>0.05). The mean PTA for patients with PsA was 15.2±5.7 dB, and the mean PTA for the control group was 8.5±4.4 dB. Also the mean high frequency PTA as 26.7±6.8 for patients with PsA, and the mean PTA for the control group was 8.8±3 dB. The bone conduction threshold was taken into account for patients with PsA since an air-bone gap was not present. Comparing PTA between control and PsA subjects, statistically significant differences were observed over all frequencies (*P*\<0.05). This difference was evident, especially at high frequencies for right and left ear ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). There was no statistically significant differences in SDS between PsA groups and control groups (*P*\>0.05). In addition, age and PTA values were not correlated (*P*\>0.05).

Differences in TEOAE were statistically significant at certain frequencies (right 4.0 and left emission at the 1.0) when contrasting the control and PsA groups (*P*\<0.05). SNR values with frequency of TEOAE findings for all study subjects are summarized in [Figs. 3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}. There wasn\'t a significant association between the length of time having PsA and the severity of hearing loss (*P*\>0.05). No correlation was identified between the PASI measurement of PsA severity and hearing loss (*P*\>0.05) except at right ear audio at the 2,000 Hz. Also both audiological and OAEs were not significant difference between right and left ear (*P*\>0.05).

DISCUSSION
==========

As seen in these results, there were changes at the mean hearing threshold and OAEs in PsA compared to the controls. These results show important features in PsA besides other aortic incompetence. The exact mechanism of hearing changes hearing changes is not known in PsA because of the absence of any investigation up to the present. Also although the precise pathogenesis of PsA is unknown, there is evidence that immunologic, vascular, environmental, and genetic factors contribute to the persistence and predisposition of patients to PsA \[[@B15]\].

The inner ear can be a target of systemic or local autoimmune attack leading to SHL. Immune inner-ear disease causes those cases of cochleovestibular dysfunction related to other systemic immune-mediated illnesses, such as the collagen vascular diseases. In these cases, the inner ear may not be the primary target of an immune attack but is injured indirectly by immune complex deposition or other mechanisms. There were several studies about immune-mediated hearing loss. These have demonstrated that the inner ear was the source of the antigen, with the endolymphatic sac (ES) being the location of antigen processing that produced the local antibody response \[[@B16][@B17]\]. Immunocompetent cells have been identified in the normal murine ES via immunohistochemistry, and it was demonstrated that CD4 cells were specifically localized in the epithelial perisaccular region and CD8 cells were rarely identified. Another immunohistochemical study of the extraosseous part of the ES revealed that T-helper cells (CD4 cells) predominate in the ES. There were B cells as well as macrophages in the lumen and perisaccular region as synovial fluid and synovial cultures \[[@B18]\]. Kumar et al. \[[@B19]\] reported that if peripheral T lymphocytes remain activated over long periods of time, as in chronic inflammatory diseases, they continue to produce high levels of proinflammatory cytokines such as interleukin (IL) 1, IL-6, and TNF-α that mediate cochlear degeneration. Studies have demonstrated that TNF-α blockers aid in the treatment of SHL. Specifically, it has been demonstrated that etanercept is effective in reducing cochlear inflammation and hearing loss. Probable immunological mechanisms that may play a role role in PsA and formation of hearing loss. Garcia Berrocal et al. \[[@B20]\] reported in two studies that a local immune response within the inner ear likely originates and propagates in the ES as immunocompetent cells are recruited from the bloodstream. It was reported that vascular disorders, viral infection, and autoimmune-mediated processes all contribute to the pathogenesis of labyrinthitis in animal models.

As a conclusion all of these studies, there seems to exist some relationship between physiological, biochemical, and morphological changes in the inner ear in various immunologic and pathologic conditions.

Diagnosing AIED is difficult that there is the absence of a \'gold standard\' test. Thus, the diagnosis is based upon clinical evaluation and experience. To date, specific diagnostic tests are not available in diagnosis \[[@B21]\].

In our study, bilateral changes in hearing thresholds was more common in middle-aged females, which are both support diagnostic criteria for type 2 AIED. Lockshin \[[@B22]\] reported that the definition for type 2 AIED is hearing loss in the setting of a coexisting systemic autoimmune disease, and females are more commonly affected. Consistent with this definition, females made up the majority of the PsA patient group in our study. Karabulut et al. \[[@B23]\] investigated hearing and cochlear outer hair cell function in patients with Ps. They found that the symptoms of Ps occurred severely in middle-aged women, suggesting that age and gender may contribute to disease expression. Also our PsA patients were frequently middle aged female subjects but this result wasn\'t significantly different when we performed correlation with statistical method in our study (*P*\>0.05). In addition in contrast to our results, Karabulut et al. \[[@B23]\] found no cochlear outer hair cell damage in psoriatic patients. PsA and Ps may be different entities. Although there is still some controversy about the existence of PsA as a specific form of inflammatory arthritis associated with Ps, epidemiological and clinical studies support the matchless features of PsA. Because of this difference difference, Ps and PsA may be associated with different disease courses \[[@B15]\].

There was no significant association found between PASI scores and the degree of changes in hearing. This data indicates that the degree of changes in hearing did not correlate with the severity of PsA symptoms. Also having a diagnosis of PsA over longer durations was not associated with increased changes in hearing thresholds. This result suggested that inner-ear injury depends on chronic damage to the cochlea due to impairment of the inner-ear microcirculation rather than on an acute inflammatory reactivation of the disease \[[@B24]\].

Bilateral high frequency SHL changes and some OAEs changes were seen with audiological tests in PsA patients. These resulsts suggest the presence of subtle deterioration in cochlear functions at the high frequency regions, indicating the basal turn of cochlea. Also SDS was not different between the patient and control group. This result supported changes of inner ear. This result was caused by cochlear outer hair cell involvement. Although audiologic and certain OAEs frequency changes were observed in PsA patients, we did not identify abnormalities in SDS, which suggests cochlear pathology. In general, PsA is a condition that promotes the formation of additional bone and it is possible that the autoimmune-mediated formation of fibro-osseous deposits in the cochlea might compromise outer hair cell integrity \[[@B25]\]. Early damage of outer hair cell integrity cannot be revealed unless OAEs \[[@B26]\]. In order to determine the health of these specialized cells, we measured OAEs that arise from outer hair cell vibratory motion. The basilar membrane contacts the outer hair cells in cochlea that permit sound wave transmission toward the stapedial footplate and eventually into the external auditory canal \[[@B27]\]. PsA patients demonstrated impaired OAEs and abnormal PTA results, which suggests that outer hair cell function is compromised in our study. Overall, our data reveal that PsA patients have impaired average hearing thresholds and OAEs.

A limitation of the study was that our PsA patients were on treatment at the time of measurements. Both methotrexate and biological agents are not definitive ototoxic drugs though. Since PsA is a relatively rare diagnosis, it was not possible to recruit patients who had not received any treatment.

In conclusion, as PsA patients demonstrated hearing impairments in our study, we recommend that these patients be routinely assessed for the hearing loss with OAEs and audiologic testing. Our study is the first study to find audiological differences in PsA, compared to healthy controls. Further long-term and multicentric studies are required to learn the exact nature of these changes.
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###### The age range according to the number of patients in study and control groups
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###### The demographic characteristics of patients and controls
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Values are presented as number (%) or mean±standard deviation.
